ABSTRACT
C
ystic fibrosis (CF) is an autosomal recessive disorder that affects the upper and lower airways as well as the digestive system. It is considered the most lethal autosomal recessive disorder among Caucasians and is estimated to affect 1 in 2000 to 1 in 6000 births. 1 Thirty years ago this disease regularly led to death in the first decade of life, usually secondary to pulmonary deterioration from opportunistic bacteria. Advancements in therapy have led to substantial improvements in survival with a current median life expectancy of 36.8 years. 2 The underlying genetic basis of the disease is related to dysfunction or deficiency of the CF transmembrane conductance regulator (CFTR), an apical membrane anion (e.g., chloride and bicarbonate) channel present in respiratory and exocrine glandular epithelium. 3, 4 Early diagnosis of CF is crucial to allow for intervention before lung disease ensues. 5 Although chronic rhinosinusitis (CRS) is a serious cause of morbidity and may drive pulmonary disease in patients with CF, it is rarely the cause of mortality related to the disease. Sinonasal symptoms can be severe and refractory despite a myriad of medical and surgical interventions leading to frustration for the patient. Quality of life indicators have shown that sinus disease often mirrors pulmonary function and can be predictive of pulmonary disease, particularly in the pediatric population. 6 Additionally, few randomized controlled trials are currently available with regard to efficacy of therapies for CF CRS and many studies are limited by the lack of long-term follow-up. [7] [8] [9] Evidence-based guidelines are deficient and management paradigms concerning disease interventions have not been standardized for all patients.
The purpose of the current review is to provide an update regarding management of this unique CRS population, present a summary of the best available evidence for therapeutic interventions, and discuss exciting new strategies in drug development.
GENETICS
Over 1600 mutations have been described in the coding sequence of the CFTR gene, messenger RNA splice signals, and other regions. 10 Mutations are generally classified into six categories according to the mechanistic basis by which they are believed to cause disease ( Table 1 ). The first three classes (I-III) are generally associated with increased phenotypic severity. Class I mutations result in an absence of CFTR gene synthesis and develop secondary to premature termination codons, nonsense mutations (e.g., G542X mutation, the "X" referring to existence of a premature stop codon), or other out of frame mutations (insertions or deletions). 11 CFTR is normally transcribed and translated in class II mutations, but the protein folds incorrectly and is recognized as defective in the endoplasmic reticulum during intracellular trafficking. The protein is degraded before it reaches the site of action at the cell surface. The class II F508del mutation (deletion of a phenylalanine residue at the 508 position) is the most common genetic mutation and accounts for ϳ70% of defective alleles. 12 Class III mutations consist of full-length CFTR protein present in normal quantities at the cell surface, but disrupted regulation or gating of the chloride transporter leads to a lack of ion channel activity (e.g., G551D mutation). 13 Although class III mutations possess minimal to no CFTR-dependent transport, class IV defects represent abnormalities of chloride conductance and may have partial activity in vivo. Such mutations may lead to a CF pulmonary phenotype that is less severe than other forms of the disease (e.g., R117H mutation). 14 Class V mutations produce decreased quantities of CFTR transcripts and, thus, fewer functional CFTR channels at the cell surface. 11, 12 Finally, Patients with classic CF tend to have class I-III mutations and develop upper and lower airway disease, exocrine pancreatic insufficiency, absence of the vas deferens, and highly elevated sweat chloride concentration, although specific genetic mutations may be associated with increased phenotypic severity ( Table 2) . For example, the most common mutation F508del homozygosity does not predict disease severity on its own, but this genotype is shown to be an independent risk factor in other manifestations of CF, including reduced mineral bone density and earlier colonization with Pseudomonas aeruginosa. 16, 17 The diagnosis of classic CF is made when patients exhibit at least one characteristic phenotypic feature, have a family history of CF, or have a positive neonatal screening test. In addition to these requisites, the patients must also have positive testing with either an increased sweat chloride concentration (Ͼ60 mmol/L), genetic tests showing two CF causing mutations, or demonstration of an abnormal ancillary test indicative of CFTR abnormality (e.g., nasal epithelial ion transport or intestinal current measurement). 18 
Atypical CF
Individuals with atypical CF provide a diagnostic challenge as standard diagnostics, including that sweat chloride testing can be normal. 19 This group is currently described in the Cystic Fibrosis Foundation consensus document as individuals who show a CF phenotype in at least one organ system and have normal (Ͻ40 mmol/L) or borderline (40-60 mmol/L) sweat chloride values. 18 These patients tend to have pancreatic exocrine sufficiency in the setting of milder lung or sinonasal disease. They may present with a classic CF phenotype in only a single organ system. This underscores the impor- 
CFTR-Related Diseases
CFTR-related diseases encompass well-known pathological disorders that appear to be influenced by CFTR genotype, including allergic bronchopulmonary aspergillosis, idiopathic bronchiectasis, and CRS. Wang et al. 21 performed genetic testing on 147 non-CF patients with severe CRS and discovered a 7% incidence of CFTR mutations compared with the presence of 2% in 123 healthy controls (p ϭ 0.04). Nasal potential difference measurements also documented a slight reduction in CFTR-mediated anion transport in carriers, but not to the levels seen with CF. In another study of 58 children with CRS, seven (12%) carried a single CF mutation, which was much higher than the expected frequency of 4%. 22 Although these illnesses appear to be influenced by CFTR dysfunction, they are also influenced by non-CFTR genes and environmental exposures. However, the influence of CFTR indicates that many treatment regimens may be directly applicable to the management of non-CF CRS-specifically, the importance of improving mucus clearance in susceptible individuals.
CYSTIC FIBROSIS CHRONIC RHINOSINUSITIS

Pathophysiology of CRS
The lining of the sinonasal epithelium is comprised of airway surface liquid containing a low viscosity periciliary fluid layer (sol) around the respiratory cilia and a superficial mucus (gel) layer, which function to trap and sweep inhaled particles into the digestive tract through coordinated mucociliary clearance (MCC). Intact MCC is considered the airway's innate defense against disease. 23 MCC is grossly impaired in CF because of alterations in the transepithelial passage of anions (chloride and bicarbonate) caused by genetic mutations in the CFTR. 24 Disturbances in anion transport result in increased viscosity of mucins that is 30-60 times higher than patients without CF. Tenacious secretions obstruct sinus ostia and create hypoxic conditions with increased edema, secondary ciliary dyskinesia, and subsequent bacterial overgrowth. 25, 26 Hypoxia has also been shown to affect CFTR transcription and function in epithelium in patients with normal CFTR. 27 Patients with classic CF have a high incidence of CRS approaching 100%. 25 CF patients also have a high incidence of nasal polyposis associated with CRS (7-48%). 28 Nasal polyps (NPs) associated with CF are typically mediated by neutrophilic Th1-mediated inflammation rather than eosinophilic Th2-mediated inflammation seen in atopic and aspirin-sensitive CRS with NPs. 29 Claeys et al. 30 showed that the Th1 inflammatory mediators IL-8 and myeloperoxidase actually dominate in CF NP compared with eosinophilic cationic protein, eotaxin, and IgE in non-CF NPs. In addition, the antimicrobial peptide (human defensin ␤2) and pattern recognition receptor Toll-like receptor 2 were significantly increased in CF NPs as well. Other innate defense proteins such as surfactant protein (SP) A, SP-B, and SP-D are also upregulated in CF. [31] [32] [33] [34] Other molecular differences between CF and non CF polyps include a significantly higher level of lipoxin A 4 and slightly elevated cyclooxygenase 2 in CF polyps. 35 Onset of bacterial infection and colonization in CF CRS may instigate inflammatory pathways with Toll-like receptors recognizing pathogen-associated molecular patterns with production of these antimicrobial peptides. [36] [37] [38] The chronic inflammation seen in the sinuses after bacterial contamination also results in goblet cell hyperplasia, squamous metaplasia, and the loss of ciliated cells. 26 Mucocele formation is common in CF patients 39, 40 and its presence in children should be diagnostic of CF unless proven otherwise. 41 Decreased paranasal sinus development (hypoplasia) is also a distinguishing characteristic noted in CF patients. [42] [43] [44] [45] The reasons for this lack of development and the effects of specific CF genotypes on phenotypic expression of sinus development are unclear. One prevailing theory considers that ongoing inflammatory mucosal disease leads to decreased pneumatization similar to poor temporal bone pneumatization in chronic otitis media. 46 The general lack of chronic ear disease in CF patients and normal temporal bone development argues against this hypothesis. 47 However, genotype does appear to influence paranasal sinus development as individuals homozygous for the F508del mutation have shown a significantly increased frequency of underdeveloped frontal (98%), maxillary (70%), and sphenoid (100%) sinuses when compared with other genetic mutations (69, 8 , and 50%, respectively), suggesting CFTR may be a primary contributor to sinus development. 45 Studies from the recently developed CF pig model support the premise that CFTR dysfunction as opposed to chronic infection is responsible for decreased sinus pneumatization because pigs lacking intact CFTR have sinus underdevelopment before the development of infection. 48 
Microbiology
Numerous bacteria are frequently isolated from sinus cultures of CF patients including P. aeruginosa, Staphylococcus aureus, Escherichia coli, Burkholderia cepacia, Acinetobacter species, Stenotrophomonas maltophilia, Haemophilus influenza, Streptococci, and anaerobes. [49] [50] [51] [52] Muhlebach et al. 53 studied lower airway and throat cultures and reported that P. aeruginosa as well S. aureus are the most common bacterial species found in CF patients. There is a higher frequency of Pseudomonas colonization in the lower airways in patients who have CRS with NPs and is more likely to start in the sinuses at a younger age and progress to involve both the upper and the lower airways. 54, 55 This was confirmed by Godoy et al. 56 who showed a significant association between sinus cultures and lower airway cultures from bronchoalveolar lavage. Genotypes of sinus bacteria were also shown to be concordant with the lower airway, indicating the sinuses also may serve as a reservoir for recurrent lung infection, 57 increasing the importance of maximizing sinus health. There are increased patterns of antimicrobial resistance secondary to multiple antibiotic exposures and increased prevalence of resistant bacteria within the community, particularly S. aureus. This is problematic because methicillin-resistant S. aureus colonization and infection in the respiratory tract of CF patients is associated with significantly worse overall survival. 58 In addition to bacteria, fungi are commonly isolated from CF patients with Candida species being the most prevalent. It is considered a colonizer in pulmonary cultures. 59 The use of inhaled steroids in CF patients along with improved culture techniques are likely contributors to increased fungal recovery. Fungus was also retrieved in 33% of patients in a study by Wise et al., 60 with two patients fulfilling the criteria for allergic fungal rhinosinusitis. The implications of these findings are unclear and further studies are required to examine the potential pathogenic role of these fungi.
Clinical Manifestations
Symptoms of CRS, when present, frequently include rhinorrhea, nasal obstruction, mouth breathing, headache, anosmia, and restless sleep. 61, 62 Other symptoms include facial pain, activity intolerance, halitosis, and voice changes. [63] [64] [65] When associated with nasal CRS with NPs, the most common complaint is nasal obstruction whereas in patients without NPs, the most common complaint is headache or facial pain. 25 Mouth breathing coupled with thick anterior and posterior nasal discharge may be the result of sinonasal polyposis. CF patients may also have facial deformation such as broadening of the nasal bridge, hypertelorism, and proptosis from chronic polyp expansion. 26 NPs are frequently seen on rhinoscopy, which are usually multiple and bilateral. 66 Rhinoscopy or nasal endoscopy may also show medial bulging of the lateral nasal wall. 67 Unfortunately, physical examina-
Imaging
Radiographic abnormalities are frequent and often multiple in CF patients. The prevalence and detection of these abnormalities has improved dramatically with the increased use and improvement in CT scans. Findings on CT scan can aid in the diagnosis of CF, particularly among children, including demineralization and medial displacement of the uncinate process with inspissated secretions in the maxillary sinuses. Imaging is often crucial in this patient population because of the loss of important anatomic landmarks in particularly severe cases. Imaging may also be of use during surgical planning but also intraoperatively by using stereotactic imaging in conjunction with an endoscopic view.
Management
Management of CF sinusitis can be a daunting task, but most treatment recommendations dictate conservative management with medical therapy in lieu of primary surgical intervention. 68 Few prospective studies exist to address medical management strategy of patients with CF sinusitis. Conservative therapy is favored with the use of sinus irrigations, mucolytics, oral steroids, and oral or i.v. antibiotics, as well as topical antibiotic and steroid therapeutic delivery. Patients who fail medical management or who present with complications such as bone erosion are good candidates for sinus surgery. The need for surgical management of the sinuses in CF patients continues to be controversial. Several studies showing severe CF sinusitis as a risk factor for forced expiratory volume in 1 second (FEV 1 ) decline and thus worsened prognosis in children suggest aggressive treatment may have a role in select patients. [69] [70] [71] 
Medical Management
Medical management consists of nasal saline irrigations as well as medications including antibiotics, decongestants, antihistamines, topical and systemic steroids, dornase alfa, and N-acetyl cysteine as well as surfactant lavage. 72, 73 Evidence regarding several interventions is discussed later.
Nasal Saline Irrigations. Irrigations with isotonic and hypotonic saline solutions serve to mechanically debride crusting along the sinonasal mucosa while hypertonic saline has the added theoretical benefit of decongestion by osmosis. 74 A Cochrane meta-analysis concluded that quality of life in non-CF patients is improved with saline irrigation when compared with nontreatment. 72 Unfortunately, no studies are available regarding the use of saline nasal irrigations in the CF CRS population, and thus recommendations for its use are extrapolated from studies in non-CF patients and the benefit is indicated in the pulmonary airways with nebulized hypertonic saline. 75, 76 The patients usually are instructed to use nasal irrigations using larger-volume, low-pressure irrigation bottles for comfort. A cadaver study showed the effects of irrigation are greatly enhanced after endoscopic sinus surgery (ESS). The squeeze bottle/neti pot devices provided the best saline irrigation delivery to the paranasal sinuses and are probably the best devices to administer topical delivery of antibiotics and steroids as well. 77 Topical Steroids. Topical steroids are particularly effective for patients with allergic rhinitis as well as eosinophilic NPs in adults and children. 78 CF NPs are neutrophilic and generally less responsive to steroids, but polyp size reduction and improvement in symptoms has been noted, particularly when using the Mygind's position or upside down positioning. [78] [79] [80] Hadfield et al. 79 performed a randomized controlled trial (46 participants) comparing topical steroid (betamethasone) nasal drops with placebo and reported significant reduction in polyp size. It was noted in a later Cochrane review that the risk of bias was high in this study because Ͼ50% of people enrolled did not complete follow-up. 81 However, high-dose topical steroid rinses with budesonide have shown no alteration of the hypothalamic-pituitary axis in several studies. 82, 83 Low-absorption topical steroid irrigations appear to be a reasonable strategy in CF CRS, although further randomized controlled trials are required.
Topical Antibiotics. In a systematic review on the use of topical antimicrobials delivered in sinonasal irrigation by Lim et al., 84 the authors noted that there was no sufficient evidence to justify their use in CRS patients in general, but a high level of evidence was reported regarding use in the CF CRS population (IIb). 85 Topical antibiotics have fewer adverse effects than oral antibiotics and may achieve a higher drug concentration at the target site. 26 Topical tobramycin has been shown to be effective in reducing symptoms and reveals improvements in endoscopic scores in sinusitis. 84 Because of the increased risk of recurrent CRS exacerbations after surgery, aggressive topical management is generally recommended. The use of topical antibiotics postoperatively has also been associated with reduced recurrence of CF sinus exacerbations 86 with another study showing improved control of sinus disease for at least 2 years after surgery. 52 Macrolide Antibiotics. Macrolides with 14 and 15 membered rings (e.g., azithromycin and clarithromycin) down-regulate inflammatory responses and are effective for the treatment of chronic airway inflammatory diseases including diffuse panbronchiolitis, CRS, and CF. Besides clinical improvement in nasal obstruction and nasal secretions, 87 macrolides have been shown to decrease production of IL-8 by nasal epithelial cells 88 and they correlate with improvement in eosinophilic CRS with NPs. 89 Although there are no discrete studies establishing clinical benefit for CRS in the CF population, similar CFrelated pathophysiology between the sinonasal and pulmonary airways indicates this medication class is likely a valuable therapeutic addition for CF-associated sinus inflammation. 90 Proper dosage and scheduling is controversial, but use for CF-associated pulmonary disease is 500 mg, 3 times/wk and is supported by randomized, controlled trials. 91 Oral Antibiotics. In addition to macrolides, ciprofloxacin has been used prophylactically in patients with CF. Although studies for CFassociated sinus disease are lacking, an analysis of individuals progressing to pulmonary exacerbation who were provided oral antibiotics for an average of 13.4 days were found to have circumvented the need for i.v. antibiotics in up to 80% of the time 92 Ibuprofen. There have been positive results with the use of highdose ibuprofen on the progression of pulmonary disease in children with CF. 93 In a small series of 12 CF patients with NPs treated with high-dose ibuprofen therapy for pulmonary disease, the absence of polyps was noted at some point during treatment. In addition, clinical regression of NPs was noted in five patients during ibuprofen therapy. 94 Confirmatory studies are required to evaluate the effectiveness of this drug in CF CRS. Dornase Alfa. Dornase alfa is a recombinant human deoxyribonuclease that hydrolyzes DNA polymers, reduces DNA fragment length, and reduces the viscosity of CF purulent secretions. 95 Clinically, it has been shown to reduce the risks of pulmonary exacerbations, improve FEV 1 , and slow the continued rate of decline of lung function in CF patients Ͼ5 years old. [96] [97] [98] Nasal nebulized dornase alfa has also shown clinical efficacy in CF CRS. Cimmino et al., 99 in a double-blind placebo-controlled trial, reported on the use of nebulized dornase alfa in early postoperative CF ESS. There was a significant improvement in the nasal symptoms and endoscopic findings, as well as FEV 1 . Mainz et al. 100 also reported significant improvement in quality of life (as measured by the 20-item Sino-Nasal Outcome Test) in a double-blind placebo-controlled crossover trial with nebulized dornase alfa compared to normal saline.
Novel Therapeutics: Targeting the Basic Defect
New therapeutic strategies for CF that target rescue of CFTR activity have recently been approved for select CF patients, and are in development in other groups of patients. Based on a dramatic ad-
vancement in our understanding of the production, processing, and function of the CFTR channel, small molecules identified by high throughput drug screening that restore activity to the mutant CFTR protein have been discovered and developed for clinical use. [101] [102] [103] [104] The three drugs that have entered clinical testing in CF include ivacaftor (Kalydeco, formerly VX-770; Vertex Pharmaceuticals, Cambridge, MA), lumacaftor (formerly VX-809), and ataluren (formerly PTC124). Ivacaftor, which potentiates mutant CFTR already present in the cell surface, caused significant improvement in lung function and other outcomes in clinical trials for patients with the G551D CFTR mutation and was recently approved by the Food and Drug Administration for use in individuals aged Ն6 years with at least one copy of this mutation. 105 In this form of CF, mutant protein is present in normal quantities on the cell surface, but the channel exhibits severely defective gating. Although the effect on the CF sinuses still has not been studied, it is presumed that augmenting CFTR would generate pronounced improvement in the MCC of the sinus cavities, resulting in improved sinus disease outcomes. This will be evaluated in part during a postapproval study in G551D patients currently in progress. The F508del CFTR mutation is a more challenging target, because channels are "misfolded" and degraded in the endoplasmic reticulum before reaching the cell surface. Lumacaftor, another molecule discovered by high throughput screening, "corrects" the processing of the protein to improve delivery of CFTR to the plasma membrane. Clinical trials are currently using VX-770 and VX-809 together in an attempt to improve therapeutic effects and will be advanced to phase 3 testing. 106, 107 Ataluren is another small molecule currently under investigation in clinical trials. 108 This drug induces translational readthrough of nonsense mutations in CFTR in vitro and in vivo and has shown activity in some but not all proof of concept CF trials. Ivacaftor and other CFTR modulators 109 are being advanced in CF patients with additional CFTR mutations; if successful, these new treatments could also provide relief of CFTR-mediated mucosal abnormalities that drive CF CRS pathogenesis.
Other approaches designed to improve mucociliary transport in CF include targeting other apical ion channels to improve airway surface liquid hydration. Drugs that either inhibit epithelial sodium channels or stimulate alternative chloride pathways such as calcium-activated chloride channels are also under active investigation. 110, 111 Surgical Management Surgical Indications. The low incidence of self-reported symptoms (20%) despite the presence of radiographic and endoscopic sinus disease in the vast majority of CF patients reflects the difficulties in assessing the indications for surgical management. In general, CF patients with persistent symptoms who have failed medical management are often considered appropriate candidates for functional ESS (FESS). Surgical management of the sinuses in CF patients is also thought to improve pulmonary outcomes and is used to justify intervention in asymptomatic individuals. This has been shown in other diseases such as asthma, where Stammberger 112 reported a 70% improvement in asthma symptoms and Lund 113 reported pulmonary improvement in two-thirds of the postsurgical patients after ESS. However, pulmonary outcomes after surgical intervention for CF sinusitis are mixed. Several studies reported no change in objective outcomes for children and adults such as hospital admissions and pulmonary status, but showed improvements in clinical symptoms and quality of life. 64, 114 The best data to support surgical intervention in asymptomatic individuals derive from the identification of identical P. aeruginosa clones isolated in the sputum and the bronchoalveolar lavage of CF lung transplant patients before and after their transplant. 115 Several studies have reported on the effect of sinus surgery as well as postoperative nasal care as a better means for controlling the sinuses as a reservoir for pulmonary infection. 86, 116 A retrospective chart review of patients who received lung transplantation and had subsequent FESS found a significant decrease in rehospitalization rates. 117 Surgery coupled with daily nasal irrigations led to a significant reduction in the incidence of tracheobronchitis as well as pneumonia and bronchiolitis obliterans syndrome in this population. 117 With conflicting evidence regarding surgical indications, it is understandable that the percentage of CF patients requiring surgical management of their disease varies considerably. Virgin et al. 118 used the pediatric health information services database to investigate the number patients with CF who had sinus surgery during a 3-year period at the 43 largest pediatric hospitals in the United States. The frequency of FESS in CF patients varied from 3 to 47% among centers with a positive correlation between hospital size, number of CF patients, and percentage of patients that adhered to the Cystic Fibrosis Foundation guidelines.
FESS Outcomes. Standard FESS includes maxillary antrostomy, anterior and posterior ethmoidectomy, sphenoidotomy, and, depending on the age of the patient and presence of frontal sinuses, a frontal sinusotomy. Multiple studies have been conducted to report on the safety and effectiveness of FESS in CF patients. 9, [119] [120] [121] [122] [123] Complication rate after FESS in CF patients (11.5%) was found to be similar to the rate of non-CF FESS complications (0-17%). 121 Khalid et al. reported on the outcomes of sinus surgery in adult patients both with and without CF. 114 Although baseline CT and endoscopy scores were significantly worse in CF patients, the overall quality of life improvements as well as the degree of endoscopic improvement was similar between the two groups. The quality of life scales used in this study were the Rhinosinusitis Disability Index and the Chronic Sinusitis Survey. However, overall failure rates requiring revision surgery range from 13 to 89% in the literature. 52, 61, 122, 124, 125 As a result, many CF patients have had multiple surgeries by the time they reach adulthood.
Often used as a quality indicator, the need for revision surgery can be difficult to assess. In one study, CT findings were a significant predictor for revision sinus surgery. 126 Patients with higher LundMckay scores were found to require revision surgery. However, almost all patients with CF have abnormal findings on CT scan, 127 including asymptomatic non-CF patients (18-72%), 128, 129 but not all require surgery. In CRS patients, CT does not correlate well with symptom scores. 130, 131 McMurphy et al. 132 found no significant difference between the preoperative and postoperative Lund-MacKay scores of pediatric CF patients after initial surgery or in subsequent scans despite medical or surgical interventions. Persistence or worsening of radiographic abnormalities after FESS has been shown in several other studies. 120, 133 Thus, CT imaging changes alone is probably not an appropriate indicator for recurrence/failure or predicting patient perception of disease except in the development of a mucocele or orbital complication. 125, [134] [135] [136] The presence of NP was found to assess the future likelihood of requiring revision FESS in several studies. In a study by Rowe-Jonce and Mackay 122 regarding FESS for CF sinusitis with NPs, the reported rate of revision or return to preoperative symptom severity was 50% with 18-24 months of clinical follow-up. Rickert et al. 137 found that preoperative grading of NPs in CF patients was predictive of the need for future surgical revisions. In their study with a longer follow-up of 7.3 years, the reported revision rate for patients with severe polyps was significantly higher (58%) compared with patients with no polyps (28%). The time for surgery was also significantly different between the groups tested with patients who had severe polyps requiring surgery in a shorter period of time.
Pediatric FESS Outcomes. The pediatric patient population is unique because of the anatomic development peculiar to each age group. Treatment algorithms focus on maximizing medical therapy although surgical intervention has shown to improve patients whose disease course is recalcitrant to therapy. Most CF patients who undergo FESS exhibit improved symptom profile; however, radiographic and endoscopic scores are rarely significantly changed postoperatively. 138 Similarly, data on pulmonary outcomes is mixed. Although short-term improvement in lung function has been observed in children, longterm effects have not been found to be significant. 139 Other retrospec-
tive studies on CF patients fail to show improved pulmonary function tests after sinus surgery. 139, 140 One pediatric study showed significant improvement in pulmonary function tests after FESS up to the first 2 years postoperatively. 141 This was not shown in patients with low socioeconomic status. So far, there are no reports of adverse effects of FESS on facial growth in pediatric patients. 123 Extensive Surgical Intervention Outcomes. The maxillary sinus is a chronic refractory problem area in CF patients because the normal MCC pathway is through the natural ostium and against gravity. Because MCC is impaired, accumulation of mucopurulence in the largest of the sinus cavities is commonplace on CT imaging and endoscopic findings despite previous "adequate" maxillary antrostomies. This is one reason CT findings are unchanged after FESS in CF patients because the maxillary sinus reaccumulates mucopurulence quickly despite the use of nasal irrigations. In essence, the sinuses in CF patients are similar to large abscesses that may be drained temporarily but ultimately lack real change within the cavities because the mucosa will never have normal function because of their underlying genetic defect. Thus, the ultimate treatment goals of aggressive surgical intervention are to establish permanent "access" rather than "ventilation" to the sinus cavities, permitting additional medicinal, mechanical, and physical means for the removal of desiccated mucus.
The modified endoscopic medial maxillectomy (MEMM) involves removal of the medial maxillary wall marsupializing the maxillary sinus into the nasal cavity, but without sacrificing the head of the inferior turbinate or lacrimal system ( Figs. 1 and 2) . Accumulation of secretions becomes less frequent due to the open cavity and elimination of the physiological requirement of drainage through narrow anatomic ostia. In addition, the procedure allows physical debridement of mucus and polypoid edema in the clinic, improved clearance of mucus with nasal saline irrigations, and increased access for topical delivery of therapeutics.
Multiple studies have been conducted regarding the role of this more aggressive surgery in the management of CF sinusitis. A retrospective study in 2006 was the first investigation regarding the use of MEMM in patients with CF CRS and it showed a low complication rate. 142 Shatz 143 also reported on a very aggressive surgical approach to the maxillary sinuses in CF children with prior history of FESS. In this study, there was a significant reduction in symptoms and duration of hospitalization as well as FEV 1 after bilateral Caldwell-Luc and endoscopic medial maxillectomies in a cohort of 15 pediatric CF patients. 143 Cho et al. 144 reported results of this technique (referred to as a maxillary mega-antrostomy) and also found it to be safe and effective. In a recent prospective study, FESS and MEMM combined with a comprehensive postoperative medical management regimen (culture-directed antibiotics, oral steroid taper, and topical steroid/ antibiotic irrigations) was associated with marked improvement in sinus disease outcomes including a decrease in symptoms (22-item Sino-Nasal Outcome Test) and objective findings (Lund Kennedy scores) at 1 year of clinical follow-up. 145 In this study, FEV 1 was not significantly changed, but there was significant reduction in the hospital admissions for pulmonary exacerbations in the year postsurgery compared with the year before. Results from these investigations lends support to a more extensive surgical approach in CF sinusitis, but further studies are warranted to determine whether this treatment paradigm will provide longterm symptom improvement and confer advantages in CF pulmonary outcomes.
CONCLUSION
CRS continues to be an important issue in the management of patients with CF, particularly given the improved survival rates associated with this disease. CF is a lifelong disease that requires long-term surveillance, vigilance, and compliance. Quality of life and decreased hospitalization will potentially become quality indicators 
